Ontario 


MINISTRY  OF  ENVIRONMENT  AND  ENERGY 

SCIENCE  AND  TECHNOLOGY  BRANCH 
AQUATIC  SCIENCE  SECTION 


STB  Technical  Bulletin  No.  AqSS-4 
Mav  1996 


STRATEGIES  AND  PARAMETERS  FOR  TROPHIC 
STATUS  AND  WATER  QUALITY  ASSESSMENT 


TROPHIC  STATUS 
The  concentration  of  nutrients  (phosphorus  and 
nitrogen)  m  a  lake  directly  influences  algal  growth, 
water  clarit\ .  and  other  in-lake  processes  such  as  h\'polimnetic 
o\>  gen  depletion  and  growlh  of  near-shore  periph\1on  and 
rooted  aquatic  plants.  The  e\aluation  of  trophic  status  is, 
therelbre.  often  a  prerequisite  to  the  management  of  a  water 
body.  E\aluation  of  trophic  status  is  especially  important  if 
nutrient  loading  to  the  water  bod>  is  expected  to  change  or  if 
there  are  recent  signs  of  increased  eutrophication. 

Trophic  status  Ls  commonh  measured  (or  monitored)  using  at 
least  one  of  three  parameters.  These  are  transparency  (Secchi 
depth),  chlorophyll  a.  and  total  phosphorous  (TP) 
concentration.  Dissol\ed  oxygen  which  is  also  considered  an 
indicator  of  trophic  status  is  addressed  in  another  report. 

Transparency  is  a  sensiti\e  indicator  of  long-term  changes  in 
trophic  status.  It  has  been  shown  that  Secchi  disc 
mea.suremeuts  are  less  subject  to  w ithin-> ear  \ariabilit)^  than 
either  ehloroph\Ll  a  or  phosphorous  measurements  and  as 
such  can  pro\ide  a  better  monitoring  tool  for  early  detection 
of  eutrophication.  Transparency  observations,  however,  may 
be  influenced  by  factors  other  than  those  related  to  trophic 
status  (e.g..  dissoKed  organic  carbon  (DOC))  and  should, 
therefore,  be  mterpreted  together  w  ith  TP  and/or  chlorophyll 
a  data,  especially  for  bet\veen-lake  comparisons. 

Chlorophyll  a  often  is  collected  as  an  indicator  of  trophic 
statiLS  primarih  becau.se  a  change  in  algal  biomass  is  the  most 
e\'ident  result  of  a  change  in  the  trophic  status  of  the  lake 
Chloroph>  11  a.  howe\er.  tends  to  show  a  great  deal  of  seasonal 
and  inter-armual  vaiiation,  especially  in  more  eutrophic 
systems.  .%  these  seasonal  patterns  cannot  be  represented  by 
a  single  or  e\'en  se^■eral  obserxations.  it  is  often  necessary  to 
collect  numerous  samples  tliroughout  the  year  to  determine 


uicauingftil  'ice  tree  a\erage'  concentratious  It  is.  on  a\eragc. 
necessaPi  to  collect  more  than  10  samples  per  season  to 
deri\e  averages  which  are  withm  2()"'o  of  the  seasonal  mean 
(95%  confidence)  and  30  to  50  samples  to  be  withm  10%  of 
the  seasonal  mean.  Based  on  data  from  Dorset  lakes, 
establishing  a  long-term  mean  w ill  require  one  to  four  \ears 
of  data  collection  to  be  withiu  20%  of  the  long-term  mean  and 
three  to  16  years  to  be  within  10%.  Generall).  the  more 
eutrophic  the  system  the  more  years  of  data  that  will  be 
required.  In  addition.  chloroph>ll  a  samples  tend  to  be 
perishable  and  \ct\  susceptible  to  a  number  of  'handling' 
problems  between  the  time  of  samplmg  and  analysis  of  the 
sample.  WTiile  there  ma>  be  merit  in  quotmg  indi\idual 
chloroph>  11  a  concentrations  to  quantily'  the  extent  of  an  algal 
bloom  or  to  indicate  how  high  or  low  concentrations  are  in 
general,  it  is  both  costly  and  labour-intensi\e  to  use 
chloroph)  11  as  a  tool  to  reflect  trophic  status. 

Total  phosphorus,  the  basis  for  most  trophic  status  models, 
includmg  the  MOEl:  Lakeshore  Capacity  Model,  is  the  most 
reliable  mdicator  of  trophic  status.  A\erage  TP 
concentrations  m  a  lake  can  be  estimated  b)'  measuring  a 
single  spring  tumo\er  concentration  and  long-term  a^erage 
numbers  can  be  detemuned  w ith  the  collection  of  onh  se\eral 
vears  of  turnover  data.  1  wo  >ears  of  data  records  will  pro\ide 
resuhs  within  20%  of  the  long-term  mean  (95'''o  conl'idence). 
but  approximately  se\en  years  are  requued  to  be  withm  10"'(i 
of  the  long-term  mean  (provided  the  lake  is  not  undergomg 
significant  changes  in  nutrient  le\el).  Some  researchers  report 
'ice  free  a\erage  TP  concentrations'  which  require  the 
collection  of  up  to  ten  samples  each  year  and  the  use  of 
\'olume-weighted  distinct  'la\er'  samples  while  the  lake  is 
stratified.  These  obser\ations  will  \ield  reliable  long-term 
averages  in  few^er  years  than  spring  tumo\er  samples,  but  this 
advantage  generally  docs  not  justify  the  extra  effort  required 
to  collect  the  data.  The  recommended  method  for  determining 
the  trophic  status  of  a  lake  is  tlierefore  based  on  the  collection 


of  spring  overturn  TP  data  over  several  years.  Ihese  are 
usually  collected  as  composites  of  the  top  5  m  of  water  at  the 
deepest  location  in  the  lake.  Samples  are  best  collected  after 
the  lake  has  had  an  opportunity  to  mi.\  for  se\eral  days  (temp 
>4 " ).  Thermal  stratification  may  occur  rapidly  after  turnover, 
but  chemical  straUfication  does  not  occiu  as  quickly  so  that 
surface  TP  concentrations  are  usually  similar  to  spring 
o\'ertum  concentrations  for  scNeral  weeks  after  thermal 
stratification  occurs.  Generally,  spring  TP  concentrations  can 
be  collected  any  time  when  surface  water  temperatures  are 
between  5  and  10.  Caution  is  required  with  respect  to  the 
type  of  sample  containers  used.  Details  of  this  concern  and 
outlines  of  other  sampling  protocols  can  be  obtained  by 
contacting  the  Dorset  Research  Centre. 

Field  programs  that  require  stall' to  visit  a  lake  se\eral  times 
each  year  (at  least  monthly)  would  also  benefit  by  collecting 
Secchi  disc  observations  at  each  \isit.  This  would  allow  the 
addition  of 'ice  free  a\'erage'  transparency  data  to  the  database 
which  would  allow  the  observation  of  long-term  trends  in 
trophic  status. 


ATER  QUALITY  ASSESSMENT 


It  IS  desirable  to  collect  water  quaht>  data  to 
describe  chemical  or  physical  characteristics 
of  a  lake  for  reasons  other  than  trophic  status.  Concerns  o\er 
acidification,  lor  example,  require  the  collection  of  pH. 
alkalinitv.  sulphate,  and  other  related  parameters  \Mien 
comparati\e  studies  are  undertaken,  it  is  useful  to  group  lakes 
on  the  basis  of  concentrations  of  major  ions  or  to  distinguish 
the  dystrophic  (brown  \>ater)  lakes  in  the  data  set  h\ 
obsenmg  DOC  or  colour.  Each  research  related  use  lor  the 
database  ma\  require  the  collection  ot  additional  parameters 
and  it  may  become  difiicult  to  choose  tests  that  both  fulfil  the 
current  project  needs  and  provide  background  information  for 
future  research. 


collections  of  information  from  distinct  layers  during 
stratification  or  at  other  times  of  the  year  will  only  be 
necessary  if  specific,  complex  interpretations  are  required 

The  number  of  years  of  water  quality  data  that  are  required  is 
parameter  specific.  The  use  of  a  single  number  for  complex 
analysis  or  for  input  to  models  should  consider  between  year 
or  seasonal  variabihty  on  a  parameter  by  parameter  basis.  It 
is,  however,  common  to  accept  the  water  quality  description 
of  a  water  body  based  on  the  results  of  the  most  recent  visit 
without  concern  for  the  year  to  year  variance  associated  with 
the  indi\  idual  parameters. 

Sample  container  and  submission  protocols  vary  with  each 
parameter  and  should  be  \  erified  through  contact  with  MOEE 
labs  or  by  contacting  MOEE  field  stafT  at  the  Dorset  Research 
Centre. 


For  further  information,  contact: 

B.  Clark 

Phone:    705  766-2418 

Fax:        705  766-2254 

Email:     clarkhe  aepo.gov.on.ca 


Parameters  collected  by  the  Ministry  of  the  Emironment  and 
Energ}'  (MOEE)  which  can  be  u.sed  as  a  guideline  for 
describing  the  general  water  quaht\  of  a  water  body  include: 
pH.  alkalimt\.  total  Kjeldahl  nitrogen,  nitrate,  ammonia,  iron. 
conducti\ it> .  colour.  dissoKed  inorganic  and  orgamc  carbon, 
calcium,  sulphate,  and  total  phosphorus.  Secondar}' 
parameters  collected  less  often  include:  aluminum,  fluoride, 
manganese,  chloride,  potassium,  magnesium,  silica,  and 
sodium. 


Similar  to  the  sampling  strategies  outlined  for  the 
determmation  of  trophic  status,  these  parameters  can  be 
measured  with  minimal  effort  at  sprme  tumo\er  with  5  m 
composite  samples.  The  data  obtained  from  a  single  visit 
when  the  lake  is  'mixed'  will  be  more  ^•aluable  than  several 
years  of  data  that  ma\  include  se\eral  \  isits  per  season  if  those 
sample  dates  are  at  times  when  distinct  samples  do  not 
represent  the  whole  lake.  Small  lakes  will  require 
measurements  at  only  one  mid-lake  station  while  large  lakes 
or  lakes  with  localized  influences  may  require  the 
establishment  of  several  sampling  locations.  More  extensive 


